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fir (Abies alba), 130 trees of European beech (Fagus sylvatica), 33 trees of European spruce (Picea abies), 8 trees of 
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forest functions (Petreš 2006).
Various factors havean impact on the damage of the stand 
during forest operations, and the most important ones are: 




technological process of forest utilisation impacts larger ef-
fectiveness during utilisation. However, due to the use of 
mechanisation, there has been a significant increase in dam-
age occuring in the stand and on forest land. Damage on 












Stem and butt end damage is economically the most harm-





was  dealt  with  by many  researchers  (Kaminsky  1984; 
Dvorak and Iordache 2010; Badraghi et al. 2015).
Damage that occurs on trees is largely caused by density of 





According to this author, a series of indicators on damage 
and wounds to the stand confirm the assumption that stand 
and terrain conditions are determining factors of damage, 
with equal other conditions – technology and methods, 
work assets and work executioners.
Martinić (1991) determined, through the analysis of dam-
age in the stand of beech, sessile oak and oriental hornbeam, 
that the largest amount of damage occurs during extraction 
of wood mass (53%),and regarding the place of damage, 
most damage appears on the root collar.
Damage  on  tree  parts  was  researched  by  Tavankar 
(2013),who determined that most of the damage appears 




Solgi and Najefi (2007) determined that the largest amount 
of damage, during forest utilisation using skidders occurs 
on the root (41%) in beech and horn beam forests in Iran.
During felling,crowns of neighbouring trees are mostly 
damaged, while during skidding of wood mass, the root 






According to the research by Zahirović et al. (2016), in for-
ests of fir and spruce it was determined that trees with one 
damage each appear the most. It has also been determined 
that spruce has more damage to roots and stem compared 
to the crown, while in the case of fir it is vice-versa. Based 
on the same research, authors reached the data that say that 
most damage appeared on the stem (71.6%), while crown 






of disease on those trees and represent the biggest danger 
to the surrounding healthy trees (Vasiliauskas 2001).
Akayet et al. (2004) propose to synchronise felling with 







dition to stand damage (standing trees and young trees) 
there is also damage to the environment (soil, water, dis-





Problems that appear during forest utilisation are present 
in Bosnia and Herzegovina. Wood extraction by animals is 
less and less present, unlike extraction by cable-skidder with 
151HALILOVIĆ V. i dr.: RESEARCH OF MECHANICAL DAMAGE ON FIR TREES AND OTHER TREE SPECIES DURING EXPLOITATION – CASE FORESTRY “GLAMOČ“
ever growing presence. Good work organisation and larger 









height diameters of damaged trees, cause of damage, size 
of bark damage, place of damage, management significance 






















broad-leaved  species  185.56 m³  (3.38 m³/ha)  and  soft 
broad-leaved species 69.80 m³ (1.27 m³/ha).
A road, 2.2 km in length, passes through this compartment 
and also along the part of the border of the compartment 
there is a road of 3.5 km in length. The total length of all 











intensity of marking of 16.52% for conifers, 20.72% for 
broad-leaved intensity, and total intensity is 18.30%. The 
intensity was adjusted to the conditions of the stand, i.e. the 
achieved intensity is larger than prescribed, due to the dam-
age from previous work period and bad quality of beech 
trees.
The phase of  felling  and processing was done by  two 




Figure 1 M.U. “Hrbinje-Kujača”, compartment/sub-compartment 174/b
Slika 1. G.J. „Hrbinje-Kujača“, odjel/odsjek 174/b
Figure 2 Stihl chainsaw
Slika 2. Motorna pila Stihl
Figure 3 LKT81 Skidder (foto: Šarić M.)
Slika 3. Traktor LKT813  Cantonal Forest Management Company







azimuth from the skidder trail and then measuring using 












to root collar, damage to butt end and damage to stem.
Also, damage that had appeared in the past work period-
swas recorded, which was then characterised as “old dam-
age”. We  analysed  exclusively  trees  above  the  taxation 


















1.  Selected (tree that by its characteristics should be selec-
ted and which has large value considering the possibility 
to use the wood mass)
2.  Useful (tree that does not have large economic value con-
sidering the possibility to use the wood mass but it is use-
ful because it helps other growing trees)
Figure 4 Sample plots’ position in compartment/sub-compartment 174/b (Google Earth Pro4)
Slika 4. Položaj pokusnih ploha u odjelu/odsjeku 174/b
4  Source:https://www.google.ba/search?q=GOOGLE+EARTH+PRO&aqs=chrome..69i57ja15.8175j1j7&sourceid=chrome&ie=UTF-8























The results represent part of the research during the felling 
and wood extraction phases using the LKT 81 skidder in 
uneven aged forests in the area of Forestry Kupres.
Types of damaged trees – Vrste oštećenih stabala
Damage was recorded on 166 conifer trees and 139 broad-
leaved trees. Out of the total number of damaged trees of 
conifers,133 are fir trees, 33 are spruce trees, 130 beech trees 
and 9 trees of other broad-leaved species. Intensity of da-




trees a total of 191 tree, and then the intensity of damage 
would be 30.62 % i.e. almost every third tree would be dam-
aged.
The number of damaged trees is represented in graphic 
(graph 1.).





Table1 Number of damaged trees per tree type
Tabela 1. Broj oštećenih stabala prema vrstama drveća
Plots
Plohe
Number of trees 
after felling
















PLOT 1 158 20 3 11 1 35
PLOT 2 133 12 2 13 0 27
PLOT 3 120 3 2 10 0 15
PLOT 4 116 9 1 10 1 21
PLOT 5 86 6 2 6 0 14
PLOT 6 101 6 3 5 3 17
PLOT 7 103 11 2 8 0 21
PLOT 8 127 5 4 22 2 33
PLOT 9 156 11 4 12 0 27
PLOT 10 150 12 5 7 0 24
PLOT 11 185 11 3 21 2 37
PLOT 12 175 27 2 5 0 34









Graph 1 Distribution of damaged trees per plots and total in compart-
ment 174/b
Grafikon 1. Raspored oštećenih stabala prema plohama i ukupno u odjelu 
174/b
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ter was 65 cm. The distribution of damaged trees per dia-
meter sub-class is presented on graph 2.
The largest number of damaged trees is in the diameter 
sub-class of 12.5 cm and 7.5 cm. Smaller size damage is in 
larger diameter sub-classes.






vided in graph 3.
Inthe presented graph, it is visible that damage that occur 
on  trees  are mostly  caused during  thewinching phase, 
which makes over 50% of all damage.
Size of wounds/damage – Veličina ozljeda/oštećenja
Damage per size wasdivided into four categories: 0-25 cm2, 
25.1-100 cm2, 100.1-200 cm2and>200 cm2 according to the 
methodology used by Tavankar et al. (2017). The data on 
damaged trees per size of the wound in compartment 174/b 
is depicted in graph 4.
In the presented graph, it can be noticed, that most damage 
occured with wounds in size of 25.1 – 100 cm2, while the 
smallest amount of damage was the one with area of dam-
age over 200 cm2.
The average size of the wound in total on all plots is 92.26 
cm². On the surface, the largest wound occured during ex-
traction and amounted  to 350  cm², while  the  smallest 
wound occurred during felling and amounted to 5 cm².
Place of damage – Mjesto oštećenja
During research we determined the type of damage that 






The appearance of damage regarding the type (crushed 
bark, bark peel-off, combined) andplace of damage (stem, 
butt end, root collar or root) is depicted in the following 
images and values of gained data are provided in graph 5.
According to the data presented in graph 5., it is noticeable 
that the largest number of all forms of wounds/damage is 
located on butt end, while the smallest amount of damage 




(selected, useful and irrelevant) (graph 6.).
Out of 305 damaged trees, 112 trees (36.7%) belong to the 
category Selected tree, 115 trees (37.8%) belong to the ca-
tegory Useful tree and 78 trees (25.6%) belong to the cate-
gory Irrelevant tree.
Status of damaged trees – Stanje oštećenih stabala




Graph 2 Distribution of damaged trees as per diameter sub-class for 
conifers, broad-leaved and total
Grafikon 2. Raspored oštećenih stabala prema debljinskim stupnjevima za 
četinjače, listaće i ukupno
Graph 3 Ratio of damaged trees considering the cause of damage
Grafikon 3. Odnos oštećenih stabala prema uzroku oštećenja
Graph 4 Distribution of damaged trees regarding the size (area of) of 
the wound
Grafikon 4. Struktura oštećenih stabala prema veličini (površini) ozljede
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In Graph 7, it is visible that a total of 66 trees (21.7%) are 
in the category of very severe damage, 127 trees (41.6%) in 
the category of severe damage and 112 trees (36.7%) belong 
to the category of insignificant damage.
Figure 5 Olddamage
Slika 5. Staro oštećenje 
Foto: (Šarić, M.)
Figure 6 Damage to root and root 
collar




Through an analysis of damaged trees per plots, it can be 
determined that the most trees were damaged on plots 1, 
8, 11 and 12 (graph 1). The main reason of such damage to 
trees per plots is in the organisation of work and position 





the main reason of larger damage on trees per plots. Also, 
parts of these plots, when observed from the aspect of ter-
rain characteristics, are less favourable than other plots and 




Figure 7 Damage to butt end
Slika 7. Oštećenje pridanka
Foto: (Šarić, M.)
Figure 8 Damage to stem
Slika 8. Oštećenje debla
Foto: (Šarić, M.)
Graph 5 Distribution of damaged trees regarding the type and place of 
damage
Grafikon 5. Raspored oštećenih stabala prema vrsti i mjestu oštećenja
Graph 6 Ratio of damaged trees regarding its management value
Grafikon 6. Odnos oštećenih stabala prema njihovoj gospodarskoj važnosti
Graph 7 Ratio of damaged trees regarding the degree of damage
Grafikon 7. Odnos oštećenih stabala prema stupanju oštećenosti
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while only five (5) damaged trees over 60 cm breast height 
diameter. Other researchers reached the same results.





(2016), the largest number of damaged trees is in diameter 
sub-class of 17.5 cm.
When we analyse the damage regarding the case of dam-
age, then the largest amountof damage happens during the 





or 19% trees during the skidding phase. According to the 
research by Danilović et al. (2015), the largest number of 





in these researches can be the result of various factors.
The analysis of damage per size shows that damage in size 







According to the research by Sabo (2003), the smallest 
height of the wound from the ground is 10 cm, and the larg-
est is 275 cm.
In the research by Tavankar et al. (2015), the largest num-
ber of wounds ranges from 11-50 cm² (46%), and the small-
est appears in a range over 201 cm².
In the research by Zahirović et al. (2016),it was determined 







tective measures during forest utilisation as protection of 
trees next to skids.
The most common type of damage according to place of 
damage, is damage to butt end, and the least common is 
damage to the root. According to the damage type, the most 
common is damage that caused the removal of bark.
Vondra and Bogojević (1994) determined that 78% of dam-
age out of all damage occurs on the height of 1 m from the 
ground.




of damage appears in the area of butt end and root collar 
(72%).
Also, according to the research by Tavankar et al. (2013), 
the largest amount of damage appears in the area of butt 
end (57%), and in the research by Veselinović (2012), dam-
age is also on thebutt end (53%).
The largest percentage share of damaged trees is in the cat-




the smallest are those categorised into irrelevant trees 
(23%). Sabo (2003) determined that there were 46% of dam-
aged selected trees, 30% of useful, and 24% of irrelevant 
treeson object A, and on object B there were 35% of selected 








the smallest number of damaged trees is in the group of 
very severely damaged trees (28%). These results are simi-
lar to the results reached in this research. According to re-
search by Sabo (2003), there was a percentage of 53% very 
severely damaged trees on object A, 41% of severely dam-
aged trees and 6% of insignificantly damaged trees. On ob-
ject B, there was a percentage of 47% of very severely dam-



















ranging from 10 to 15 cm.







of selecting the skidding direction and load formation. 
It is necessary to increase control in the performance of all 














(production) processes in forestry.
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Oštećenja su evidentirana kod ukupno 305 stabala, 133 stabala jele (Abies alba), 130 stabala bukve 




penu od 10 do 14,99 cm.
Prema uzroku oštećenja, najveći broj oštećenja je nastao prilikom faze privlačenja (217 stabala), dok 
je prilikom sječe oštećeno 88 ili 29% stabala. Kako je faza privlačenja podijeljena na fazu primicanja i 
privlačenja, ukupan broj oštećenih stabala tijekom faze primicanja iznosio je 157 ili 52%, dok je ti-
jekom privlačenja broj oštećenih stabala iznosio 60 ili 19%.
Da bi se prilikom sljedećih operacija iskorištavanja šuma smanjile štete na stablima, potrebna je češća 
edukacija svih djelatnika koji obavljaju poslove iskorištavanja šuma, potrebno je povećati kontrole 
obavljanja svih poslova prilikom iskorištavanja šuma, modernizirati strojeve koji se koriste prilikom 
eksploatacije šuma te na kvalitetan način otvoriti odjele šumskim komunikacijama.
KLJUČNE RIJEČI: jela, smreka, bukva, sječa, privlačenje, oštećenje.
